Action integration is the process through which actions performed on a stimulus and perceptual aspects of the stimulus become bound as a unitary object. This process appears to be controlled by the dopaminergic system in the prefrontal cortex, an area that is known to decrease in volume and dopamine functioning in older adults. Although the decline should lead to reduced action integration in older adults, we found equivalent integration in both young and older adults. This indicates that older adults may be able to compensate for their dopaminergic deficiencies by activating additional neural networks that are not used by young adults.
Introduction
The ability to integrate multiple dimensions of a stimulus, from its perceptual features to the response it elicits, is crucial to effective perception and action. Research on information integration has encompassed two distinct domains. The first is that of perceptual feature integration, a phenomenon wherein the multiple perceptual dimensions of a stimulus are bound together as a unitary object (Treisman & Gelade, 1980) . The second area, action integration, was conceived as an expansion of feature integration and is the process through which actions performed on a stimulus and perceptual aspects of the stimulus become bound as a unitary object (Hommel, 1998 (Hommel, , 2004 . This type of binding may be used by our attentional system to support efficient and appropriate action. Both types of integration have been studied extensively in young adults; however, action integration has yet to be studied in older adults. Older adults are known to have problems with rapid, goal-directed movement (Ketcham, Seidler, Van Gemmert, & Stelmach, 2002; Pratt, Chasteen, & Abrams, 1994) , and it may be that such difficulty is a symptom of ineffective action integration. The goal of the present research is to examine that possibility by testing the effects of aging on action integration.
Action integration has commonly been studied through the paradigm of visuomotor binding, developed by Hommel and colleagues (Colzato, Fagioli, Erasmus, & Hommel, 2005; Colzato, van Wouwe, & Hommel, 2007a) . This task consists of the presentation of two successive line segments that vary in color, location and orientation. During the first presentation participants are asked to produce a pre-designated, arbitrary response that requires no perceptual discrimination. During the second presentation participants discriminate the line orientation and respond based on that dimension. Visuomotor binding occurs when features of the first stimulus become associated with the first response-enhancing or impairing the response to the second stimulus. Impairment is greatest when the relevant perceptual feature (line orientation) changes across stimuli but the same response is required or vice versa, known as a ''partial repetition" trial (Colzato et al., 2007a (Colzato et al., , 2007b . These findings are thought to reveal the presence of ''event files" (Hommel, 1998 (Hommel, , 2004 , wherein feature and action information relating to the same stimulus are bound together for a finite period of time. During that period, if a feature is repeated that requires a different response, one must first engage in an effortful process of updating the original event file, slowing down response times.
There are several sources of evidence which suggest that visuomotor binding depends upon the dopaminergic system in the prefrontal cortex (PFC). Studies have found correlations between characteristics that are dopamine-driven, such as fluid intelligence and spontaneous eyeblink rates, and one's ability to bind and unbind action information (Colzato, van Wouwe, Lavender, & Hommel, 2006; Colzato et al., 2007b) . Additionally, manipulations that affect dopamine in turn affect binding. For example, Colzato, Kool, and Hommel (2008) have shown that stress induction, which influences dopamine turnover in the PFC, also reduces the strength of binding. Similarly, the presentation of positive or negative pictures, which increases or decreases dopamine, respectively, also produces corresponding increases or decreases in binding strength (Colzato et al., 2007a) . Taken together, these studies provide strong evidence that perceptual-motor binding relies on an intact PFC and dopaminergic system.
Although action integration has not yet been investigated in older adults, there is reason to believe that they will exhibit deficits. As described above, action integration relies on the dopaminergic 0278-2626/$ -see front matter Ó 2010 Elsevier Inc. All rights reserved. doi:10.1016/j.bandc.2010.08.002
